
Chapter 4: Solutions 125

VOCABULARY

acid p. 126

base p. 126

pH p. 129

neutral p. 129

BEFORE, you learned

• Substances dissolved in solutions
can break apart into ions

• Concentration is the amount 
of a substance dissolved in 
a solution

• Water is a common solvent

NOW, you will learn

• What acids and bases are 

• How to determine if a solution
is acidic or basic

• How acids and bases react with
each other

KEY CONCEPT

Solutions can be acidic,
basic, or neutral.

EXPLORE Acids and Bases

What happens when an antacid mixes 
with an acid?

PROCEDURE

Fill the cup halfway with vinegar.

Observe the vinegar in the cup. 

Record your observations.

Crush two antacid tablets and place them 

in the vinegar.

Observe the contents of the cup for 

5 minutes. Record your observations.

WHAT DO YOU THINK?
• What did you observe before adding the 

antacid tablets?

• What happened after you added the tablets?

4

3

2

1

MATERIALS
• clear plastic

cup

• vinegar

• 2 antacid 
tablets

Acids and bases have distinct properties.

Many solutions have certain properties that make us call them acids or

bases. Acids are found in many foods, such as orange juice, tomatoes,

and vinegar. They taste slightly sour when dissolved in water and 

produce a burning or itchy feeling on the skin. Strong acids should

never be tasted or touched—these solutions are used in manufacturing

and are dangerous chemicals.

Bases are the chemical opposite of acids. They tend to taste bitter

rather than sour and often feel slippery to the touch. Bases are also found

in common products around the home, including soap, ammonia, and

antacids. Strong bases, like the lye used for unclogging drains, are also

dangerous chemicals.

BD

reading tip

The prefix ant- means
“against,” so an antacid 
is a substance that works
against an acid.
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BD 126 Unit: Chemical Interactions

Acids, Bases, and Ions

Generally, a compound that is an acid or a base acts as an acid or a base

only when it is dissolved in water. In a water-based solution, these

compounds produce ions. Recall that an ion is a charged particle.

For example, if a hydrogen atom, which consists of one proton and one

electron, loses its electron, it becomes a hydrogen ion. The hydrogen

ion is simply a proton and has a positive charge.

An can be defined as a substance that can donate a hydrogen

ion—that is, a proton—to another substance. The diagram below shows

what happens when the compound hydrogen chloride (HCl) is dissolved

in water. The compound separates into hydrogen ions (H+) and chloride

ions (Cl–). Hydrogen ions are free to react with other substances, so the

solution is an acid. When hydrogen chloride is dissolved in water, the

solution is called hydrochloric acid.

A can be defined as a substance that can accept a hydrogen

ion from another substance. The diagram below shows what happens

when the compound sodium hydroxide (NaOH) is dissolved in water.

The compound separates into sodium ions (Na+) and hydroxide ions

(OH–). The hydroxide ions are free to accept protons from other 

substances, so the solution is a base. The solution that results when

NaOH is dissolved in water is called sodium hydroxide.

On the atomic level, the difference between acids and bases is that

acids donate protons and bases accept protons. When a proton—a

hydrogen ion—from an acid is accepted by a hydroxide ion from a base,

the two ions join together and form a molecule of water. This simple

transfer of protons between substances is involved in a great many useful

and important chemical reactions.

Check Your Reading How are protons related to acids and bases?

base

acid

RESOURCE CENTER

CLASSZONE.COM

Find out more about
acids and bases.

H+    
+    Cl–HCI

H2O

–

+

Acid

In water, acids release a proton
(H+) into the solution.

Na+    
+    OH–NaOH

H2O

Base

In water, many bases release a
hydroxide ion (OH–), which can
accept a proton.

The H2O above the arrow
means the substance on the
left is added to water and
the substances on the right 
are dissolved in the water.
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Characteristics of Acids

As you read earlier, acids in foods taste sour and produce a burning or

prickling feeling on the skin. However, since tasting or touching an

unknown chemical is extremely dangerous, other methods are needed

to tell whether a solution is an acid.

One safe way to test for an acid is to place a few drops of a solution

on a compound that contains a carbonate (CO3). For example, lime-

stone is a rock that contains calcium carbonate (CaCO3). When an acid

touches a piece of limestone, a reaction occurs that produces carbon

dioxide gas.

Acids also react with most metals. The reaction produces hydrogen

gas, which you can see as bubbles in the photograph on the right.

Such a reaction is characteristic of acids.

The feature of acids most often used to identify them is their 

ability to change the colors of certain compounds known as acid-base

indicators. One common indicator is litmus, which is often prepared

on slips of paper. When a drop of an acid is placed on litmus paper,

the paper turns red.

What are three safe methods to test for an acid?

Characteristics of Bases

Bases also have certain common characteristics. Mild bases in foods

taste bitter and feel slippery, but as with acids, tasting and touching

are not safe ways of testing whether a solution is a base. In fact, some

strong bases can burn the skin as badly as strong acids.

Bases feel soapy or slippery because they react with acidic molecules

in your skin called fatty acids. In fact, this is exactly how soap is made.

Mixing a base—usually sodium hydroxide—with fatty acids produces

soap. So, when a base touches your skin, the combination of the base

with your own fatty acids actually makes a small amount of soap.

Like acids, bases change the colors of acid-base indicators,

but the colors they produce are different. Bases turn litmus

paper blue. A base will counteract the effect that an acid

has on an acid-base indicator. You might put a few drops

of acid on litmus paper to make it turn red. If you put a

few drops of a base on the red litmus paper, the litmus

paper will change colors again.

Check Your Reading How do the characteristics of bases differ 
from those of acids?

Acids react with some 
metals, such as zinc, and
release hydrogen gas. 

2HCl + Zn H2 + ZnCl2

Bases are found in
many cleaning agents,
including soap.
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BD 128 Unit: Chemical Interactions

The strengths of acids and bases can 
be measured.

Battery fluid and many juices contain acids. Many people drink some

type of juice every morning, but you would not want to drink, or even

touch, the liquid in a car battery. Similarly, you probably wash your

hands with soap several times a day, but you would not want to touch

the liquid used to unclog drains. Both soap and drain cleaners are

bases. Clearly, some acids and bases are stronger than others.

Acid and Base Strength

Strong acids break apart completely into ions. For example, when

hydrogen chloride (HCl) dissolves in water to form hydrochloric acid,

it breaks down into hydrogen ions and chloride ions. No hydrogen

chloride remains in the solution. Because all of the hydrogen chloride

forms separate ions, hydrochloric acid is a strong acid.

A weak acid does not form many ions in solution. When acetic

acid (HC2H3O2), which is the acid in vinegar, dissolves in water, only

about 1 percent of the acetic acid breaks up into hydrogen ions and

acetate ions. The other 99 percent of the acetic acid remains unchanged.

As a result, acetic acid is a weak acid.

Bases also can be strong or weak. When sodium hydroxide

(NaOH) dissolves in water, it forms sodium ions (Na+) and hydroxide

ions (OH–). None of the original NaOH remains in the solution, so

sodium hydroxide is a strong base. However, when ammonia (NH3)

dissolves in water, only about 1 percent of the ammonia reacts with

water to form OH– ions.

NH3 + H2O NH4
+ + OH–

The other 99 percent of the ammonia remains unchanged, so ammonia

is a weak base. The ions formed when NaOH or NH3 is dissolved in

water are shown on the top of page 129.

–

–

–

–

+

+
+

+

HCl—Strong Acid

In water, a strong acid
dissolves completely 
into ions.

+

In water, a weak acid
forms only a small 
number of ions.

HC2H3O2—Weak Acid

= Hydrogen ion

–

+

= Chloride ion

= Acetate ion

= Acetic acid

Key

MIND MAP

Remember to use a mind
map to take notes about
acid and base strength.
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BDChapter 4: Solutions 129

Note that the strength of an acid or base is not the same as its 

concentration. Dilute hydrochloric acid is still strong and can burn

holes in your clothing, whereas acetic acid cannot. The strengths of acids

and bases depend on the percentage of the substance that forms ions.

Check Your Reading What determines acid and base strength?

Measuring Acidity

The acidity of a solution depends on the concentration of H+

ions in the solution. This concentration is often measured

on the scale. In this scale, a high H+ concentration is

indicated by a low number, and a low H+ concentration is

indicated by a high number. The numbers of the pH scale

usually range from 0 to 14, but numbers outside this range

are possible. The middle number, 7, represents a neutral 

solution. A substance is neither an acid nor a base.

Pure water has a pH of 7.

Numbers below 7 indicate acidic solutions. A concentrated strong

acid has a low pH value—the pH of concentrated hydrochloric acid,

for example, is less than 0. Numbers above 7 indicate a basic solution.

A concentrated strong base has a high pH value—the pH of concen-

trated sodium hydroxide, for example, is greater than 14. The illustration

on page 130 shows the pH values of some common acids and bases.

Today, electronic pH meters are commonly used to measure pH.

A probe is placed in a solution, and the pH value is indicated by the

meter. An older method of measuring pH is to use an acid-base indi-

cator. You read earlier that acids turn litmus paper red and bases turn

litmus paper blue. Other acid-base indicators, such as a universal pH

indicator, show a variety of colors at different pH values.

Is the pH of a base higher or lower than the pH of an acid?

neutral

pH

In water, a strong base
dissolves completely 
into ions.

In water, a weak base
forms only a small 
number of ions.

NaOH—Strong Base NH3—Weak Base

= Ammonia

= Hydroxide ion

= Sodium ion

The strip of universal 
indicator paper in the
bottom front of the 
photograph shows a 
nearly neutral pH.

Key

= Ammonium ion

reading tip

Look at the reaction on the
bottom of page 128 for
help with the illustration of
NH3 in water.
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Where are the strong acids on the chart? Where are the strong bases?
How does the concentration of hydrogen ions change?

Common Acids and Bases

130 Unit: Chemical Interactions

In pure water, the H+ concentration is
equal to the OH– concentration. Pure
water has a pH of 7 and is neutral.

Concentrated HCl has a pH lower than 
0 because it has a very high H+ concentra-
tion. HCl is used in many processes,
including refining sugar from sugar cane.

low H+ concentration

high H+ concentration

Dilute acids and bases are found in many common products. 

Soap is commonly made by mixing
fats with NaOH. There is a relatively
low concentration of NaOH in soap.

Concentrated NaOH has a pH greater
than 14 because it has a very low H+

concentration. Drain openers usually
contain concentrated NaOH.

sodium hydroxide (NaOH)—pH . 14

milk—pH 6.5

lemon—pH 2

hydrochloric acid (HCl)—pH , 0

pure water (H2O)—pH 7

soap—pH 10

13

pH 14

12

11

10

9

8

7

6

5

4

3

2

1

pH 0

Milk contains molecules called fatty
acids, which make milk slightly acidic.

Lemons and other types of citrus fruit
contain citric acid.

BD
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BDChapter 4: Solutions 131

Acids and bases neutralize each other.

Acids donate hydrogen ions, and bases accept hydrogen ions.

Therefore, it is not surprising that acids and bases react when they come

into contact with each other. Recall that when a hydrogen ion (H+) from

an acid collides with a hydroxide ion (OH–) from a base, the two ions

join to form a molecule of water (H2O).

The negative ion of an acid (Cl–) joins with the positive ion of a

base (Na+) to form a substance called a salt. Since both the salt and

water are neutral, an acid-base reaction is called a neutralization

(NOO-truh-lih-ZAY-shuhn) reaction. The reactants are an acid and a

base, and the products are a salt and water.

A common example of a neutralization reaction occurs when you

swallow an antacid tablet to relieve an upset stomach. The acid in your

stomach has a pH of about 1.5, due mostly to hydrochloric acid pro-

duced by the stomach lining. If your stomach produces more acid than

is needed, you may feel a burning sensation. An antacid tablet contains

a base, such as sodium bicarbonate, magnesium hydroxide, or calcium

carbonate. The base reacts with the stomach acid and produces a salt

and water. This reaction lowers the acidity—and raises the pH—to its

normal value.

Acid rain forms when certain gases in the atmosphere dissolve in

water vapor, forming acidic solutions. During rainstorms these acids

fall to Earth. They can harm forests by making soil acidic and harm

aquatic life by making lakes acidic. Acid rain can also dissolve marble

and limestone in buildings and statues, because both marble and

limestone contain calcium carbonate, which is a base.

How is neutralization an example of a chemical reaction?

KEY CONCEPTS

1. Use the concept of ions to

explain the difference between

an acid and a base.

2. How do the properties of an

acid differ from the properties

of a base?

3. What happens when an acid

and a base react with each

other?

CRITICAL THINKING

4. Infer When an acid reacts

with a metal, such as zinc,

what is released? Where does

that product come from?

5. Infer Suppose that you have

1 L of an acid solution with a

pH of 2. You add 1 L of pure

water. What happens to the

pH of the solution? Explain.

CHALLENGE

6. Synthesize Suppose that

equal amounts of solutions of

HCl and NaOH with the same

concentration are mixed

together. What will the pH of

the new solution be? What are

the products of this reaction?

The salt produced by a 
neutralization reaction is
not necessarily table salt.
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